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METHODS FOR INHIBITING GRAFT VERSUS HOST DISEASE IN BONE 

MARROW TRANSPLANTATION 

flafkgroiind of this Invention 

5 Allogeneic bone marrow transplantation (BMT) is an effective treatment for many 

hematological malignancies and severe aplastic anemia (see e.g., Thomas, E.D. (1983) J. 
Clin. Oncol. 1:517-531; O'Reilly, R.J. et al. (1983) Blood 62:942-964; and Storb, T. et al. 
Semin. Hematol. 2:27-34). However, the alloreactivity of T cells within the donor bone 
marrow to recipient cells leads to a potentially fatal condition referred to as graft versus host 
10 disease (GVHD). One therapeutic approach which has been taken in an attempt to minimize 
or eliminate GVHD involves administration to the transplant recipient of a general 
immunosuppressant, such as cyclosporine A or methotrexate (see e.g., Kapoor, N. et al. 
(1989) Bone Marrow Transplant. 4:153). Use of such agents, however, is associated with 
deleterious side effects, including kidney damage and an increased susceptibility to 
1 5 infections. Another approach taken to miiiimize or eliminate GVHD has been to deplete 
donor bone marrow of T cells in an attempt to remove alloreactive T cells (see e.g., Martin, 
P. J. et al. (1987) Adv. Immunol. 4Q:379). While T cell depletion has been found to reduce the 
occurrence of GVHD, this treatment also reduces the success of bone marrow engraftment. 
Additionally, depletion of T cells from donor bone marrow used to treat hematological 
20 malignancies reduces the anti-leukemic activity (also referred to as the graft versus leukemia 
response, or GVL) of the donor cells (see e.g., Goldman, J.M. et al. (1988) Ann. Intern. Med. 
10_&:806-814; Marmont. A.M. et al. (1991) BloodT&:2 120-2 130). Thus, while the presence 
of alloreactive T cells within a bone marrow graft has the detrimental effect of inducing 
GVHD. the presence of at least some T cells within the graft is beneficial both for successful 
25 engraftment and for anti-leukemic responses. A therapy that effectively inhibits the 

responses of alloreactive T cells within donor bone marrow while permitting the continued 
presence and function of other T cells within the graft would therefore be of great advantage 
in the addressing the problem of GVHD while promoting the efficacy of bone marrow 
engraftment. 

30 The induction of a T cell response has been shown to require two signals: a first 

signal provided by stimulation through the antigen-specific T cell receptor (TCR) on the 
surface of the T cell, and a second signal (termed a costimulatory signal) provided by ligation 
of one or more other T cell surface receptors. Engagement of the TCR alone (i.e., signal 1) in 
the absence of a costimulatory signal (i.e., signal 2) induces a state of unresponsiveness, or 

3 5 anergy, in the T cell. A costimulatory signal can be generated in a T cell by stimulation of 
the T cell through a cell surface receptor CD28 (Harding, F. A. (1992) Nature 356:607-609). 
Ligands for CD28 have been identified on antigen presenting cells (APCs). CD28 ligands 
include members of the B7 family of proteins, such as B7-1(CD80) and B7-2 (CD86) 
(Freedman, A.S. et al. (1987) J. Immunol. 122:3260-3267; Freeman. G.J. et al. (1989) J. 
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Immunol. 142:2714-2722; Freeman, GJ. et al. (1991)7. Exp. Med. 124:625-631; Freeman 
G.J. et al. (1993) Science 262:909-91 1 ; Azuma, M. et al. (1993) Nature 3J&76-79; Freeman 
G.J. et al. (1993) J. Exp. Med. 17Ji:2 185-2 192). Additionally, B7 family members have been 
shown to bind another surface receptor on T cells related to CD28 termed CTLA4 (Linsley 
P.S. (1991) J. Exp. Med. 1 74:561-569; Freeman, G.J. et al. (1993) Science 262:909-91 1). * 
The characterization of the receptors and ligands involved in T cell costimulation has 
led to therapeutic approaches based upon induction of antigen specific T cell 
unresponsiveness by blocking of a costimulatory signal in T cells. For example, a CTLA4Ig 
fusion protein, which binds both B7-1 and B7-2, has been used to inhibit rejection of cardiac 
allografts and pancreatic islet xenografts (see e.g., Turka, L.A. et al. (1992) Proc Natl Acad. 
Sci. USA 89, H102-11105;Lin,H.etal.(1993)7. Exp. Med. US: 180 1-1 806; Lenschow D J 
et al. ( 1 992) Science 257, 789-792). Similarly, antibodies reactive with B7- 1 and/or B7-2 
have been used to inhibit T cell proliferation and IL-2 production in vitro and inhibit primary 
immune responses to antigen in vivo (Hathcock K.S. et al. (1993) Science 262 905-907- 
Azuma, M. et al. (1993) Nature 166:76-79; Powers, G.D. et al. (1994) Cell. Immunol. 153 
298-31 1; Chen C. et al. (1994)7 Immunol. 152, 2105-21 14). However, effective methods 
for inhibiting T cell responses in bone marrow transplant situations which avoid the need for 
general immunosuppression of the transplant recipient and overcomes the drawbacks of T 
cell depletion in bone marrow transplants are still needed and would have widespread 
therapeutic applications. 

Summary of the Invyntmi 

This invention features improved methods for inhibiting graft versus host disease in a 
bone marrow transplant recipient while preservmg T cell mediated function against both 
tumor and pathogens in the recipient. This invention is based, at leas, in part, on the 
discovery that an inhibitor of a costimulatory signal in T cells can be used in vitro to inhibit 
inappropriate donor T cell responses to alloantigen and. thus, inhibit graft versus host disease 
m bone marrow transplantation. The inhibitor of a costimulatory signal in T cells is 
preferably an agent which inhibits an interaction between a costimulatory receptor on the T 
cell (e.g., CD28 and/or CTLA4) and a costimulatory molecule (e.g., B7-1 and/or B7-2) on a 
cell presenting antigen to the T cell. Thus, the inhibitor of a costimulatory signal can be. for 
example, an antibody (or fragment thereof) which binds the receptor or the costimulatory 
molecule, a soluble form of the receptor or costimulatory molecule or a peptide fragment or 
other small molecule designed to inhibit a costimulatory signal in T cells. A preferred 
inhibitor is a soluble CTLA4-immunoglobulin fusion protein (CTLA4Ig) or an anti-B7-l 
antibody or an anti-B7-2 antibody. A much preferred inhibitor is a combination of an anti- 
B7-1 and an anti-B7-2 antibody. 

According to the method of the invention, a T cell response is inhibited by contacting 
the T cell in vitro with at least one inhibitor of a costimulatory signal in an antigen specific T 



PCTAJS95/14774 

WO 96/14865 



-3- 



recipient, an agent such as a comb.na.ton of I-*- donor 

fonn of CTLA4 can be used to .eat the donor <~ ^^.L of m e bone 

T cel. responses to celis expressing recipten, ^"^^ te inhibitor of a 
marrow to the recipient. For example, donor cells . . „, rellsanQ then administered 

costimulatory signal in T cells *. «ro in the ^ inhibitor . 

„ the rectpien, without further ft. vivo ^ inhibitor or other 

Aitematively, fo.lowing administration of the - » 

immunosuppressive agent (e.g.. cyciosponne A) can be administered 



10 recipient. 
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Bod J>Hmpt i onofthtP iamngS fTcellDroliferat ion in a primary mixed 

Figure 1 is a graphic representation of T cell proliferation p 

• L pnHIA disoarate individuals treated with either CTL A4ig. 
iymphocyte HLA d sp* 

1^— 

lioclona. antibody, an,i-B7-2 monoclonal ^ 
monoclonal antibodies, CTLA4Ig. control immunoglobulin (CIg) 

, ug/ml:Figure 3A and from 1 to 10 W****""^ ^ prolifcr ation assay of a 

FigU re 4 is a graphic "P"^^^ cel , s P f o„owing a primal MLR 
secondary MLR against the original donor cells or hndp ^ ^ 

performed in the presence of media ^^2^^- „ ^7-2 antibody. 
mtib ody, an ^ICAM^^ ^ 

or a combination of an anu-B71 anaanan . ofT cel i proliferation assays of 

Figure 5 a-* are graphic repress— of th «su„s o ^P ^ ^ ^ 
a secondary MLR after culturing the cells for • ^ ^ m , B , 2 

of an,i-B7-l antibody (a), anti-B7-2 antibody (b), CTLA4lg ( ) 

( d) - „ f.ilnreactive precursor helper T lymphocytes (pHLT) 

Figure 6 depicts the frequency of Horeac. vepr ^ ^ 

5 in fully MHC matched donor "i^^, - anti-B7-2 antibody ( a-B7- 
presence of media alo„.or wi* , - ^ ^ ^ 

2), anti-B7-l and anti-B7-2 (ati/ i 
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7 depicts the frequency of alloreactive precursor helper T lymphocytes CdHLTI 

and CTLA4Ig, control .mmunoglobulin (Ig) or cyclosporine A (CsA) 

Figure 9 depicts the frequency of alloreactive precursor h e l™. r t i u 

> antibod.es (a-B7- 1 + ct-B7-2). CTLA4Ig, or Clg. 
Details rt., frinHlr|) nf , h>Inv . n (j(r[| 

This invention features methods for inhibiting antigen snecific T r^li 
*» by use of a, .east one agent which inhibits a «JL££S ^.£7" 
heretn. the phrase "inhibiting or inhibit™ of a T ceil respond refes ,1 7 A 
— eiintination of a, ieas, one T ce„ response.^ " 
iymphokine secretion or induction of an effector function r,„ - a 

activity or antibody production bv B c^,!f ' *" C "°" "^"^ T <*" 

nhr»„~ nbyBcells) u P°" eI< P 0 S"reoftheTcelltoanantieen The 

phrase inhibiting or inhibition of a T cell response" is in,<. n A.A , dn « n »8«- ">e 

theresDonseof.T,.!!. response is intended to encompass suppression of 

tne response of a T cell to an antigen as well as induction of unresponsive in the T~ll ,„ ... 
antigen, also referred to here.n as induction of anergy in the T cell Tt l u l \T v 
rendered unresponsive, or anergic. ,o a specific anti^n ^L^^T^ 
^.nunated responses (e.g., pro.iferation anoVor lymphokine production, up „ ZZZ to 
*e anugen. „ „„ e embodiment of the invention, the response of a donor T ceH to 
Uoanngens , s inhjbhed t0 reduce „ J - ^ 

bone marrow transplant recipient. nost disease in a 

. T ° inhib " a T cell response to an antigen according ,„ the methods of the invention a 

^ T " ^ inhibi '° r ° f 3 «"*— «y signal in the T eel, IT 

m^reTT TT Si8nal '' ""^ inhiW,S »f a costimulatory 

signal mterferes w.th. blocks or substantially eliminates formation of or delivery of a second 

;Cm c : u which ' tose,her wwi a « — ■ -dia«ed^ g ?r 

TCR/CD3 complex. ,s necessary to induce an antigen specific response by the T cell 

, T"" °' COS,imula, °^ is "^iated by a T cell surface receptor such as 
<« "> «P« with a ligand such as B7. 

and/or B7-2, (or related molecule, e.g., B7-3) on a cel. presenting antigen to the T cell (e g 
on a B ce,l. on a "professiona!" antigen-presenting cel.. or APC, such as a 
monocyte/macrophage, dendritic cell or Langerhans cell, or another cel. type which can 
present anfgen ,„ . T cell, such as a keratinocyte, endothelial cell, astroc^e. fibroblaTor 
ohgodendrocyte, Ligands such is B7- 1 and B7-2 which trigger a cos,imu.a, ory sja in a T 
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15 



rno Jtt are collectively referred to herein as 

"costimuiatory molecules . T cell surtace p .. costimu iatory receptors" . 

bind ,,,, CD2S, CTLA4, are of a costimuiatory 

Accordingly, in one embodunen. of £ on me T M „ 

and a costimuiatory molecule on a cell * fonJ1 of me 

a, so referred to herein as a "«-^^^ T ^J£ similar binding specificity), a 
receptor on the T cell (or a related receptor on the T cc» ^ ^ 

^fbn.afU-co-ta^"-^*'^^ ^ferredcostimulatory 
binds to either the receptor or the ^»*^ , soluble forrn of the 
inhibitor is CTLA4-in™.mog,obulin ^T^^^ eV e„ more preferred 
CTLA4 receptor on T ce.ls wh,ch bmds ,0 to* andB ^ ^ 

costimuiatory inhibitor is a comb.nat.on of t0 inhibit generation of 

another embodiment, the costimu.at.ry .nhth or '^.associated signal 

or delivery of a costimuiatory signal m a T cell by a CD28 

eduction pathway ^ ^ ^ ^ ^ h ^ detail in the 

following subsections: 
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of the invention are ava,lable m the art < e -6" kinson 0[ „nmunotech) or can be 

RocKvi.le. MD. or commercially, e.g.. from Be «. D Cm ^ ^ ^ 

prepared by sundard techniques for makmg ™^]™ ions of imm unoglobulin 

LI to immunoglobulin -lecules and .mm unolog, y ^ 
mo ,ecu,e, i.e.. molecules rurally occurring antibody (e.g.. 

(immunoreacts with) an anfgen. Smctura) ' y .^ " chains ^ MO Ugh. (L) chains mter- 
lgG ) compnses ****** ^gen-hinding function of an 

connected by disulf.de bonds. 1. has been sho . Thus . dtese 

antibody can be performed by ^m=n.s of a natura Uy g ^ ^ 

antigen-binding fragments are also .nKnded o bed^ ^ ^ (j) ^ pab 
Examples of binding fragments domains; „, M foment cons.s.ing of 
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T T' h ' bivalera fiagmem coraprisinB — Fab «-w by a 

disulfide bridge a, the hinge region. Antibodies can be fragmented using conventional 
,tr S teen,OT,S fOT ln "» San,e — » - bribed for whole 

; Ituth ^ " antib ° dy " " imended '° include bis >~ ifi ° - ««~* 

molecules having an antigen binding portion. Furthermore, a.though the two domains of an 

^riT fM " y — - ~" ' ' ~° - be — *- enab es tnem 

to be made as a stngle proiem chain (known as single chain Fv (scFv); Bird et al (19881 

methods. Such smgle chain antibodies are also encompassed within the term "antibody" 
invent' V"** an . amib ° dy **** f °' » •» be targeted in the method of the 

rrrai 8 :, a ~ ia 7 m «■"*» * ^ *«« 

used'hT ? i T " '»»—•-• term "immunogen" is 

used herein to descnbe a composition typically containing a protein or peptide as an active 
ingredient used for the preparation of antibodies against the protein or peptide. 7" 
understood that the protein or peptide can be used alone, or linked to a easier as Colgate 
or as a peptide polymer. The immunogen should contain an effective, immunogen c lot ' 

o * ,T or pro,e,n <optionally 33 a conjU8att ,inked ,o a « T1 * " anZ 

of me tmmunogen per unit dose depends on. among other things, the species of animal 

. 1 ntito, ,mmU : 08en PrePara ' i0n °° n " in "ions 

of about 1 0 m,crograms to about 500 milligrams per immunization dose, preferably about 50 

myograms to about 50 milligrams per dose. An immunization preparation can alLtcLe 
an ad JU yam as par, of the diluent. Adjuvants such as complete Freunds adjuvant (CfI 
mcomp ete Freund's adjuvant (,FA) and alum are materials wel. known in the art. and 
available commercially from several sources. 

Either soluble or membrane bound protein or peptide fragments are suitable for use as 
an _gen. A purified form of protein, such as may be isolated from a natural 
expressed recombinant* by conventional techniques known in the an, can be directly used as 
an .mmunogen. Those skilled in the art will appreciate mat, instead of using naturally 
occurring forms of protein for immunization, synthetic peptides can alternatively be 
employed towards which antibodies can be raised for use in this invention. The purified 
protein can also be covalently or noncovalently modified with non-proteinaceous materials 
such as lipids or carbohydrates to enhance immunogenicity or solubility. Alternatively a 
purified protein can be coupled with or incorporated into a viral particle, a replicating virus 
or other microorganism in order to enhance immunogenicity. It is also possible to immunize 
an animal with whole cells which express a protein on their surface against which an 
antibody ,s to be raised (e.g.. T cells or antigen presenting cells expressing surface molecules 
of interest can be used as immunogens). As ye, another alternative, i, is possible to use 
nucleic acid (e.g.. DNA) encoding me protein or peptide of imeres, as an immunogen for so- 
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• • tw the term "immunogen" is also intended to include nucleic 
called genetic immuruzauon. Thus, the term - J Tang 

acidencodingapro^ 

^Conal antibodies are g enerall y raised in animals —us ( sc> or 
intraperitoneal (ip) injections of an immunogen and » ^ As an ^ 
embodiments^ 

combining about 1 ug to 1 mg of protein with hr ^ 1/5 tQ 

solution intradermal at multiple sites. One month later « 

m 0 the original amount of immunogen m Freund ™ ^ ^ 

adjuvant) by subcutaneous injection at multiple s te , Seven t0 1 ^ ^ 
hied and the serum is assayed for specific antibody u fe < 

be used to enhance 

boosted until the titer plateaus. Also, aggregating agents such as 
> the immune response. rt f«„tihodv molecules are referred to as 

Such — ian-produced pop— of ^ d> - immunospecificiti es 

..^clonal" because the ^7^— y :^u.es are then collected from the 
and affinities for the tmmunogen. The ^""^ _ ttchnia ues. such as protein A 
— ^"^t^: oeTrhr^Uoftheant^Ute 
, 0 chromatography, to ob» the IgG fracuon _ ^ phase -affixed 

antibodies may be purified by .mmunoaffi inu ^ I ^ for , ^ 

iramu „ogen. The antibody ,s contacted w,th the o ph* ^ ^ ^ 

solid phase-affixed immunocomplcx. Iheoo 

25 by standard techniques. Monoclonal antibody composition", as used 

The term "monoclonal anubody m ^ Qf m 

herein, refers to a population of anttbody ^molecules tha co ^ 
antigen binding site. A monoc.ona, antibody Monoclonal antibodies 

binding affinity for a particular protem «*- ~ ^ of ^ mo , e cu,e S 

30 can be prepared using a technic W are no, limited to the hybridoma 

by continuous cell lines in culture. These tnclude^ bu 256:495Jl97 ; see also 

Brown et al. (1981) J- Immunol i^ " 9 " 46 - , Cancer 22:269-75) and the 

Yeh e, al. (.976) PNAS 24:2927-31; and Yeh e, KO^ ^ ^ 



comprises the steps of: 
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~ » an ta-ijst^: r r u r ogicaiiy — 

immune response. Preferablv the ma ™ ■ • \ sufficient to produce an 

^ i-reieraoiy, the mammal is a rodent such »c a n uuu . 
5 mammal is then maintain^ *x rabbltl rat or mouse. The 

flow cytometry. e ^-"^ immunosorbent assay (ELISA) and/or 

mouse) is sacrificed and somatic antitonT^ , ' *" ani,Ml Re - 

producing celis may te delC fr ^ f 8 ' 5 " nphoc ^ s « °"«ined. Antibody- 

Primed ani.ais.Tpiel cls l^r 7"! ^ " d ° f 

lymphocytes eive a hiah^r^ . * well known m the art. Mouse 

number of myLma ^^^Z^^ " P °' ye ' hylene ^ 
•echniuues; for example, P^ ^"TT 

lines. These myeloma lines are available fe, ,k f 3 " Ag8 ' 6 " ° r S P2'0-Agl4 myeloma 
(ATCC). RocJille. Md. ^ C "" Ure C °»<«™ 

The resulting cells, which include the desired hvh,;j 
selective medium such as HAT ™* T hybndomas. are then grown in a 

cells eventually" Z 1 1^7' '7 ^ ""*■■» °< 

dilution conditLs ^LT^Z^ rT^ " ^ "** 

techniques usine the antio™ «,„, i. u F«.uiciiy, e.g., by immunoassay 

lab™, 7" y ' *" indiVidUal Ce " ™ y " e ""W* *» for example in 
laboratory culture vesseis. and the culture medium containing high concentration! of a single 



PCTAJS95/14774 

WO 96/14865 

myeloma cells tor the original iu» The body fluids of the 

produced by the fused cel. hybrid develop m the £*. concerarations . 

3^, such a, ascites fluid or serum prov.de monodon* ^ rf 

(DMEM- Dulbecco e, al. (1959) Hr»l 8:396) supplemented wm 4.5 gm/1 g. 
i " 20% fetal caf serum. An exemplary inbred mouse stram .s the Balbfc 

^ are recognized to varying degrees as foreign and » » T£^L* ^ 
!0 in L patient. One approach for minimizing ' ^^^^^ M 

25 likely to be tolerated by the pauent. antibodies) can be 

Chimeric mouse-human monoclonal anybodies 0 a ge ne encoding 

u vont r>N A techniques known in the art. For example, a gc 
produced by recombinant DN A teclm.^ monodonal mtjM , mol ecu.e is 

die constant region of a munne (or other spec.es) m Robinson et a ,.. international 

substituted with a gene encoding a human constant ^^"^ 
30 Paten, Publication P C ™s86,02269 Afcra. -'^—^aUEurope.n Paten, 
Taniguchi. M, European Paten, ^^^^ Cabilly e, al. U.S. 
Applica<ion 173.494: Neubergere, al.. PCT Appl.ca,. B etter e,al. (1988 

Science Nishimurae, al. (1987) a~ «~ 

35 139:352.-3526 Sun e, a . 987 P ^ ^ s „ aw el al . (Wgn ,. Natl Cancer 

^•999-1005: Wood et al. (1985) Nature ii^.t 

to,. 80:1553-1559). .. huma „ized» by rep.acing portions of the variab.e 

A chimeric antibody can be ruruier num variable regions, 

region no, involved in antigen binding with equivalent pomons from human 
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General reviews of "humanized" chimeric antibodies are provided by Morrison S L H985) 
mTdT™ T^riL L ds (1985) 
mdude 1S0 latmg, mandating, and expressing the nucleic acid sequences that encod all or 
part of an immunoglobulin variable region from at least one of a heavy or light chl 
5 Sources of such nucleic acid are well known to those skilled in the art and, f^l may 

1 m ^ " ^ " db °* r Pr ° dUCing hybrid °- cDNA encZg T 

tTsS^^TT can ta c,oned into - ap ™ ™- 

vector. Suitable humanized antibodies can be alternatively produced by CDR or CEA 
sub*itut,on (see U.S. Patent 5,225,539 to Winter; Jones et al. (1986) NaL ^"££5. 
Verhoeyaneta, ( l 98 S)^ 

As an alternative to humanizing an mAb from a mouse or other species, a human 
mAb directed agamst a human protein can be generated. Transgenic mice carry ng ZL 
» reperto.es have been created which can be immunized with human^tl 7 

hZr 86 : SPlCnOCyteS fr ° m — «** can ^ be used to 

c^ate hybndomas that secrete human mAbs specificaHy reactive with the human protein 

WO 91 n ZTlt " n W ° 91/ ° 0906 ' KUCheri ^ - * ™ publication 

wuyi/l0741,Lonbergetal.PCTpublicationW092/039I8 K a v« 1 .l Pi~r .., 
Q9/01Q17. t ^ u xt , Kay et al. PCT publication 

y^/U3yiy, Lonberg, N. et al. (1994) Nature fiso. r i, . 

Gent, 7-11 71.™ ■ o. ' CiM - 856-859 - Grcen - I - L «al.(1994)W< 2 ,B« 
G e „„ ZI3-21, Mormon, S.L. etal. (1994) Proc. Nail. Acad. Sci. USA £1:6851-6855- 
Bruggeman e, al. ( 1 993, W 7,33-40; TuaiHon e, a,. (1 993, PNAS 90-3720O774 

Bruggeman el al. (1991, Eur J Immunol 21:1323-1326- and , 

tilled in a " ,ib t dieS ^ BlSO ^ " y 0- " r meIh0ds '° ««* 

tlh , 7 I ™ ' ° NA ,CCh " 0l0gy ' « te ™ i « ™' h °* ^-ed ,o as ,he 

combtnatonal anubodv display" method, has been developed to idem* and isolate an ilv 

ZSZ I? S Pa " iCUlar f anti6en «~««* - - «- - » Produce mo £2 ' 
^5 86 577 r nP "T COmbina, ° ri * 1 disp.ay see e.g.. Sastry e, ai. ,1 989, 

If C ' <l989)&fe "" "W: and Orlandi e, al. (1989, PNAS 
Zll ?7 ,mmUniZing " «*h an immunogen as described above, the antibody 

repeno.re of ,he resulnng B-cell poo. is cloned. Methods are generally known for dij t ,v 
obtamtng the DNA sequence of the variable regions of a diverse popuiation of 
.mmunog.obulin molecules by using a mixture of oligomer primers and PCR. For insance 
mtxed oligonucleotide primers corresponding to the 5' leader (signa! peptide) sequences ' 
and/or framework 1 (FR 1 , sequences, as well as primer to a conserved 3' constant region 
pnmer can be used for PCR amplification of the heavy and light chain variable regions (rom 

anumberofmur,neantil M dies(Larricke.al.(1991)fi fore cAm ?1< „U:152-156) Asimilar 
strategy can also been used to amplify human heavy and light chain variable regions from 
human an,,bod,es (Larrick et al. (199,) Melhods: Compcmim „ Me , ho(b .„ £ 
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protocols (e.g., U.S. Patent No. 4,683,202, ™*" dl 2^,275.1281.) First- 

e, a!., PHAS (.989) 8*5728-5732; and Huse «L (W» rf ^ ^ 
SO and cDNA is synthesized ustng pnmers sp^ficfe Mh 

chain(s) and each of the k and X ^"^""JJbo* heavy and iigh. chatns are 
Using variable region PCR primers, the vanab.e ^ for ^„ 

amplified, each atone or in combinatton, and P£°P ^ 

nation in generating the display pac^ge, ^-^J^ „ degen erate 
ampHflcation protocois may be untoue or J als0 be incorpot ated into the 

^renX^oned.om.etmm— ^^^Z^o 
expressed by a popuiation of dispiay packages ' , systtm ^ allows 

f „L an antibody display library. ^fJ^^Z***** *- «" ^ 
.he sampling of very Urge diverse -^^" m ^ dispiay package, in 
separation round, and easy isolate of the ' ljbraries (e . g ., the 

edition to commercially available kits ior generat g phag . ^ Stra|agene 

, Pharmacia Ke«— ^ ~ °^ of methods and reagents 

S^W™ phage display kit cataiog ^ ^06m P ^ ^ ^ found 

particularly amenabie for use ,n generaung van , ^ ^ pu „ ion 

in. for example, Ladner e. al. U.S. Paten N W , ^ ^ e , a , 

No . WO 92.86,9: ^,^2^,-- P— - - «° 

.5 international Publ.cauon WO 92/20791 p WQ M/012g8; McCafferty et al. 

92 „ 5679. Breitling e, al. "™ ^lard « al. Internationa, Publication No. WO 
International PubHcatton No. WO mo2S09 . Fuchs « al. (,991) 

92/09690; Ladner e. a>. Interna,*™, W*"^" 3*l-«5: Huse * 

Bi ^cW 0£ , 2 :,370-,372; Hay e, "eMBOJ Hawkins et a,. 

30 a,. (,989) 24*l«S-im ; O ^ « * £ ^ ^..^28; Gram et al. 

(19 92) J Mo, Bio, 226,889-896; Cackson aL >9 ^ tlffi . m Hoogenboom 

(,992) fWS 82:3576-3580; Oarrad et al. (1991) « 8*7978-7982. 
L al. (,99.) M,c AM 12:4,33-4,3 ; and Bart- «* > ^ phage) . 

Once displayed on the ^^ ^ ^ » ^ ^ 

35 antibody library is screened wttha pr otem o, p p ^ encodmg 

packages ma, express an antibody havmgspec* «y * J> ^ ^ ^ 

m e select antibody can be recovered fron , A«*V by standard recombinant DN A 
genome) and subcloned into other expresston vectors by 
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HnKer to form Z ngle .l^^27^Z ^ * * 

desired expression vector «r nll 8 * ,S subse q ue ^ly cloned into the 

5 ."T* ^^"^-^inMcCaffertyetal., 

flexibTe rr, . ^ ^ V " and Vl domains of « ^ibody, joined by a 

a,spiay package separable based on antigen affinity. Isolated scFV antibodies 

p~: ct 7 with a particuiar ^ can subs « be — e 7t r 

pharmaceutical preparauon for use in the subject method. 

B. Soluble Proteins and Fusion Proteins 

In another embodiment of the invention, an agent used to inhibit a T 
soluble form of a costimulatory receptor on the surface of a T ce, reSP ° nSe " ' 

molecule on the surface of a cell vrtrirf, ' " * * costimu,ator y 

auriace or a ceJJ which presents antigen to the T <v»n tu;*. i i_i 

capable of inhibiting an interaction me J^Z*^ f***""' F™» » 

^ lgdiiu (s;;. ror example, soluble forms of CTLA4 B7-1 anH nr m ~> 

fie ionn oiatl LA4 molecule (in particular, a CTLA4- 
■mmunoglobulin fusion protein) which binds ,o both B7-! and B7 2 »dl, k k u 
interaction of B7-, and B7-2 Witt CD28 and/or CTLA4 " ' 

Soluble forms of surface-bound protems can be made using standard recombinant 
DMA and prote.n expression technics known in the art. Nucleic acid comp^ a 
nucieofde science encoding the extraocular domain ( or portion there Xf a X 

cytoplasm* domams) can be isolated and cloned into a standard expresston vector either f 
express™ in prokaryotic or eukaryotic «,ls. The expression vector is ZZ^Z 

COS. CHO or NSO cells, for eukaryotic expression) and the cells are cultured to allow for 
~press,on of the protein encoded therein. The protein is then purified by sl^ 
technics from harvested host cells or. if the protein is secreted from the cells ftl the 
media m which the cells are cultured. ■» we cells, from the 

The extracellular domain (or portion thereof) of a surface-bound protein can be 

protem wtth a second protem or polypeptide. As used herein, the term "fusion protein" refers 
« a pro e,„ composed of a fir, polypeptide operative.y linked to a second, hetero^ou* 
polypeptide. A preferred type of fusion protein to be used as an agent in 0* memJof 'the 

fuston protetn refers to a fusion protein in which the second, heterologous polypeptide is an 
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imm unglobulin — region, or portion thereof. tamunoglobulin fusion 
C described extensively in the art (see e.g., U.S. Patent No. 5,116,964 b, ^Capon et aL, 
Ca^n Oi. e, al. (19,9) /We ^ and Aruffo, A. e, al. (1990) C«M 03- 
13 131 and typically include at least a functionally active lunge regton, CH 2 and CH 3 
, a^TorTcontfL region of an itnmunoglobuiin heavy chain (e.g., human Cy 1 , Cy4). 

Uns,ey,,,e,a,<.99,>,^ 

nrotein is described in detail in Linsley, P.S. et al. (1 99 1 ) J- **P- ™ eu ^ 

protein is aescnocu Q0 6586 Other Ig fusion proteins (e.g., 

Gimmi, CD. et al. (1993) Proc. Natl. Acad. Set. USA uuie e 

10 B7-2-lg) can be similarly prepared. 

.HereoO rriecules which Libit interactions between eel, surface molecules are w„ h ,„ 
, 5 I scope of the invention for use in inhibiting T ceil responses. For example a pepttde. 

- ssssssssssssssssss: 

inhibit a T cell response. 
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D '"T^r ^lents of the desenbed methods, an agent wh.ch acts tntraceliuiarly to 
..erfer^ formation of an in— signal,, ^^^1, 
ttansductton pathway can be used to inhibit a T cel. response. For examp 1. a os . 
inhibitory agent as described herein can be an agent that -»^^ ^n shown 
CD28- or CTLA4.associa.ed signal trtutsduct, - « ^ "rghe, P. et al. 

U-naseinh^^ 

agent which stimulates protein tyrosine phosphatase acttv.y tn a T cell, 
-enetamountofproteintyrosmeph^ 

associated with CD28 ligation include increased phospholtpase C acuvtty (see e.g.. 
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et aL(1993) Biochem. J. 222:835-842) and increased intracellular calcium levels (see e g 
Ledbener, J.A. et al. (1990) 2*^:1531-1539). Accordingly, an agent which inhibits 
phosphohpase C activity and/or inhibits increases in intracellular calcium levels can be used 
to inhibit the generation of a costimulatory signal in a T cell. 

E. Compositions 

The agents used in vitro according to the described methods to inhibit a T cell 
response can be formulated into pharmaceutical compositions suitable for administration /„ 
v*vo to a bone marrow transplant recipient following transplantation. Accordingly, another 
aspect of the mvention pertains to pharmaceutical compositions. A preferred composition of 
the invention comprises a CTLA4Ig fusion protein, in an amount effective to inhibit a T cell 
response, and a pharmaceutical^ acceptable carrier. 

The agents of the invention are administered to subjects in a biologically compatible 
form suitable for pharmaceutical administration /„ Wvo to inhibit a T cell response By 
b,olo gl cally compatible form suitable for administration /* v,vo" is meant a form of the 
protein to be administered in which any toxic effects are outweighed by the therapeutic 
effects of the ligand. The term subject is intended to include living organisms in which an 
immune response can be elicited, e.g., mammals. Examples of subjects include humans 
monkeys, dogs, cats, mice, rats, and transgenic species thereof. 

Administration of a therapeutically active amount of one or more of the agents 
descnbed herein is defined as an amount effective, at dosages and for periods of time 
necessay to achieve the desired result. For example, a therapeutically active amount of a 

. ^ fusion protein may vary according to factors such as the disease state age sex and 
weight of the individual, and the ability of the fusion protein to elicit a desired response ,n the 
individual Dosage regimens may be adjusted to provide the optimum therapeutic response 
For example, several divided doses may be administered daily or the dose may be 
proportionally reduced as indicated by the exigencies of the therapeutic situation 

The active agent (e.g., antibody and/or fusion protein) may be administered in a 
convenient manner such as by injection (subcutaneous, intravenous, etc.), oral administration 
inhalation, transdermal application, or rectal administration. Depending on the route of ' 
administration, the active compound may be coated in a material to protect the compound 
from the action of enzymes, acids and other natural conditions which may inactivate the 
compound. To administer an agent by other than parenteral administration, it may be 
necessary to coat the agent with, or co-administer the agent with, a material to prevent its 
motivation. An agent may be administered to an individual in an appropriate carrier or 
d.luent. co-administered with enzyme inhibitors or in an appropriate carrier such as 
liposomes. Pharmaceutical^ acceptable diluents include saline and aqueous buffer solutions 
Enzyme inhibitors include pancreatic trypsin inhibitor, diisopropylfluorophosphate (DEP) 
and trasylol. Liposomes include water-in-oil-in-water emulsions as well as conventional 
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rstreian et aL (1984) J Neuroimmunol 227). Dispersions can also be prepared in 

c iniectable solutions or dispersion. In all cases, uic 

preparation of sterile mjeciaDie wiuuu r d 

Ueandmustbefluidtomee*-^ 

,he conditions of manufacture and storage and must be preserved g 

the like), and suitable mixtures thereof. The proper fluidity c 

5 r * iLed by various antibacterial and antral I agents, 

ch.orobu.ano,, pheno,, ascorbic acid, thimerosal and « « 
preferable to include isotonic agents, for example, sugars, polyalcohols sue 

^uJamount'ofanappro^ — 

enumerated above, as required, followed by fUtere ^ ^ ^ 

case of sterile powders for the prepantfon oT rf ^ 

r:::;id^^ 

may b«oraU y administered, for ^^^Z"^^ 
carrier. As used herein ••pharmaceuucal y acceptaM earner , ^ 

aspe—ia,^ 
35 delaying agents, and the hke. Th .use ofsu conventional media or agent is 

substances is well Known in the ar. ^££Z ^peutic compositions is 
incompatible with the acv. a ,so be incorporated into the 

contemplated. Supplementary active compounds can also 

compositions. 
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It is especially advantageous to formulate parenteral compositions in dosage unit form 
for ease of administration and uniformity of dosage. Dosage unit form as used herein refers 
to phys.cally discrete units suited as unitary dosages for the mammalian subjects to be 
treated; each unit containing a predetermined quantity of active compound calculated to 
produce the desired therapeutic effect in association with the required pharmaceutical carrier 
The specification for the dosage unit forms of the invention are dictated by and directly 
dependent on (a) the unique characteristics of the active compound and the particular 
therapeutic effect to be achieved, and (b) the limitations inherent in the art of compounding 
such an active compound for the treatment of sensitivity in individuals. 

IL Uses of the Invention 

The methods of the invention can be used to inhibit T cell responses in vitro by 
contacting a T cell with a costimulation inhibitory agent as described herein. Accordingly 
the term "contacting" as used herein is intended to include incubating (or culturing) a T cell 
with the agent. The methods of the invention are useful in therapeutic situations where it is 
desirable to inhibit an unwanted T cell response, as described in further detail in the 
subsections to follow. Additionally, in one embodiment, the methods of the invention induce 
antigenic nonresponsiveness in a T cell that persists after cessation of treatment (i.e 
antigenic nonresponsiveness persists in vivo after contacting T cells in vitro with a ' 
costimulation inhibitory agent). Thus, the methods of the invention are useful for inducing T 
cell anergy. thereby providing a means for long-term inhibition of T cell responses without 
the need for chronic generalized immunosuppression of a subject with its attendant 
deleterious side effects. 

The methods of the invention are particularly useful for inhibiting graft versus host 
disease which results from allogeneic bone marrow transplantation. It has previouslv been 
observed that the presence of mature donor T cells within a bone marrow graft is beneficial 
both for successful engraftment and for a graft versus leukemia response. However the 
presence of mature donor T cells in the graft induces GVHD. Responses of alloreac'tive 
donor T cells can be inhibited by contacting the T cells in vitro with a costimulation 
inhibitory agent (e.g.. a costimulation blocking agent, such as a combination of an anti-B7-l 
and an anti-B7-2 antibody, or CTLA4Ig). Such treatment allows mature T cells to be present 
within transplanted donor cells, thus avoiding GVHD and promoting bone marrow 
engraftment. Moreover. T cell unresponsiveness to alloantigens is induced, thereby 
providing long-term inhibition of T cell responses without the need for continuous treatment 
35 of the bone marrow recipient. 

Because the T cells to be inhibited in a bone marrow transplant situation are donor T 
cells which are available in vitro prior to transplantation, alloreactive donor T cell responses 
can be be inhibited in vitro, or inhibited in vitro followed by an in vivo treatment regiment 
Accordingly, graft versus host disease in a bone marrow transplant recipient is inhibited by 
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. ■ (A iwitT cell, i" v.<ro (prior to transplantation) with 1) a second 
contacting a populate of donor T cells m *. W ^ m ^ ftom 

population of cells expressing rectpren „, ^compatibility 

^.ner source which snare recpten ^ m . don0 r T ceil. In one 
a»,igens) and 2, an agent which mhrb.ts „ . cTLA4Ig fusion protem. In 

embodiment, the agent which ,nh.b.ts a ^ fr ^ merof , ln 
another embodiment, me agent .s an anU ; B7 -' q{ m ^.b,., antibody and an 

amuch preferred embodiment, the agent is a co n*ma«on o ^ ^ 

anti-B7-2 antibody, .n ye, ^ exprL recip.en, al,oan,igens. 

bofl, B7-1 and B7-2. The second population o metabo lically active, e.g., 

m rvnically treated such that they cannot proliferate ana/or 

are typically trea paraformaldehyde. 

,he cells are irrad,ated and/or treated -P ^ inmbitory 

In the method, the population of donor cells coma ^ 
inc ,ude mature donor T ceils. Accordingly, « ^ be transplanted into the 

can be. for example, the bone or additionally, the source of 

recipient which have no, been T cell de P' eK °. spte „ocy,es or other suitable source 

mamre donor T cells can be donor P*> ^< b , ood T cells or 
of donor T cells. When non-bone ™r££*££J m C ontac,ed wi,h the inhibitory 
splenocytes) are used as me source of mature eel ^ ^ ^ no „. 

agent(s), the subseuuen, bone marrow «^ * » mMU[e donor T ce „s in which 

, bone marrow cells (i.e., bone marrow cells together ^ ^ 

alloreactivity has been inhibited). Following «« aomi „istered ,o 

expressing recip.en, al.oamigens and inh,b«o ry e *c - ^ ^ ^ 
th e recipien, (if ,he donor cells used m ,he » ^ ^ T ce „ s 

e.g.. if peripheral blood cells or spl=nocy,es are 
5 ,„l T-ceU depleted bone marrow f^^^L adn,,n,s,ra„on of donor ce,.s 
,„ anomer embodimen, "^^w^i the mhibnory agen,(s, T„a, is. a 
,o me recipient, the recipient ,s „ me recipien , alone or with a another 

costimulation inhibitory agent can be adm.ms ^ Q , only , he 

agent, such as an immunosupress.ve agent (e*. cy 
30 immunosupressive agent can be admirusu „ , . ^ ^ ^ nol be 

This invenuon ,s further ..lustra* y ^ ^ 

— S3J=^« — « — - 

_ . • • r r TT A4ie to a human fully 
(A) Thisexpenmen,demons,ra,edth^^ 

the proliferation of the responder T celts an 
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n~~» , . P ^ nMofCTLA4I Soranisotype matched control Ig protein each 

CTLA4Ig or comro. Ig protein . Ponions of ^ culnjre ^ J ft^^r 

through 8 and pulsed overnight with r3wi *hv m a- * y 
resDonderT Ce ll, a • T "i'^dine to measure proliferation of the 

and untreated cultures exhibit strong proliferation „ „ e^d e j „ ce^ MHC ' 

cultures produced iarge amounts ottt^^l ^ T "* C ° ntr01 * ^ 

•he Tcell proHferation The CtTa4,J ( 'f 0 ^ * * •» -qu-d for 

(<20 pg/ml). ' g ' reaKd Ca,meS failed '° any detectable IL-2 

In another experiment shown in Figure 2, primary MLR between HLA-disnarate 
individuals are inh bited only some 30% hv .h. ,aa:- , aisparate 
either B7-I, whereas an.i-B7 2 T1 ^ , monoclonal antibody that block 

anti B7- ■ and ^ty71l T »y 70%. The combination of 

anti 01 1 and ant,-B7-2 mAbs ( 1 0 ug/ml) reduced proliferation by Greater than oov 1 
completely abrogated IL-2 accumulation in the supernatant. The T 
results .„ greatly increased inhibition of prohfcration in primary MLR (appLxtaaledy W /, 
In contrast, control-!,, has no effect. The combination of an.iX- , and IZbZ " 



derived sy tem^n ,h *"—"»« - <H* of CTLA4Ig in a bone marrow 

denved system. In th,s system, donor bone marrow (5 x 104 ce „ s) was mjxe<J 

cells prev,ous.y transfected with either human B7-! or human B7-2 (5 

bone marrow (, x .0$ cells) was mixed with PBLs <! x 10S, obtained from a fully MHC 
disparate ,„d,vidual. The stimulator ce„s had been previously inactivated by ,™" with 
mitomycin C or by irradiation before addition. All of these experiments we^ 
die absence or presence of graded concentrations of CTLA4Ig forme entire incubaZ 
penod. „ assays where the costimulation was provided by the transfected cells the cultures 
were puised with FH]-thymidi„e overnight between days 2 and 3 of culture. ,n .says whl 
the costimulation was provided by the al.„geneic PBLs, the cultures were pulsed wit^H, 
thymidine overmgh, benveen days 4 and 5 of culture. The amount of radioactivity 
incorporated into the dividing responder T cells determined their level of proliferation These 
«me points were chosen because they had been previously show. ,„ be a, or near the 
prohferafon maxima. The results of these experiments are shown in the Figures 3A and 3B 
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where the line labeled PBLs represents the data obtained with the allogeneic stimulators and 
the line labeled t/B7-l or t/B.7-2 represent the two transfected cell lines as costimulators. 
This data represents the mean data from six experiments. 

Figure 3A shows the inhibition of donor marrow proliferation by amounts of 
CTLA4Ig below lug/ml. Treatment with 0.01 ug/ml of CTLA4Ig had no effect on the 
proliferative response of the donor bone marrow. Treatment at doses from 0. 1 to 1 .0 ug/ml 
greatly reduced the proliferative response to the two transfected cell lines and reduced the 
proliferative response to the allogeneic PBLs to background levels. Figure 3 B shows 
inhibition of T cell proliferative responses at CTLA4Ig treatment levels from 1 to 10 ug/ml. 
The proliferative response to the human B7-1 transfected cells is completely inhibited by 
CTL A41g levels of between 2 and 5 ug/ml. The proliferative response to the B7-2 
transfected cells and to the allogeneic PBLs is completely inhibited at CTLA4Ig levels of 2 u 
g/ml and 1 ug/ml, respectively. Since the proliferation driven by the allogeneic PBL was 
almost completely inhibited by 1 ug/ml of CTL A4Ig and was completely inhibued by 2 u 
g/ml CTLA4Ig, a dosage of 10 ug/ml of CTLA4Ig was selected for use in all subsequent 



experiments. 



irvAMPi.F.2: PUni f- nf «7 fa m i l y mediat e yost i mnlntion wcificallv inhib i ts 
20 r ^ li f ^^ion n n1 r n m j.-n— « with donor but not third party 

flllnantigen 

To determine whether agents which block proliferation in a primary MLR inhibit 
proliferation upon rechallenge in a secondary MLR, the following experiment was performed. 
25 Normal peripheral blood cells mononuclear cells were cultured with irradiated 

(2500cGy) normal donor peripheral blood mononuclear cells of fully HLA mismatched 
subject in the presence of an anti-MHC class II antibody, an anti-ICAM-1 antibody, 
cyclosporin A (CsA). CTLA4Ig, an anti-B7-l antibody, an anti-B7-2 antibody, or a 
combination of an anti-B7-l and an anti-B7-2 antibody at a final concentrate of 1 0 
30 cells/ml. The antibodies and CTLA4Ig were added at a concentration of 1 0 ug/mL 

Cyclosporin A was used at 10-3 M . The cells were incubated for 6 days, following which 
viable cells were isolated and rechallenged with irradiated allogeneic cells from the original 
donor or from a third party donor. No blocking agents were added to this secondary MLR. 
Proliferation was examined daily for 7 days by ^-thymidine incorporation assays. 
35 The peak proliferation for each condition are represented in F.gure 4. The results 

indicate that when only media had been added to the primary MLR, a typical secondary 
response ensued characterized by significantly greater and earlier peak proliferation against 
donor compared with third party alloantigen (peak at day 3 versus day 6, ^pectivdy^ 
Addition of CsA to the primary MLR prevented the secondary response and resulted m 



WO 96/14865 



-20- 



PCT/US95/14774 



decreased levels of peak proliferation against both donor and third party on day 5. Addition 
of anti-Class II or anti-ICAM-1 mAbs during the primary MLR resulted in equivalent levels 
of secondary proliferation against both donor and third party that peaked on day 5 and 6. The 
absence of a secondary response following blockade of antigen recognition or adhesion 
demonstrates that alloreactive T cells to alloantigen. In contrast, complete blockade of B7 
family mediated costimulation during the primary MLR with either CTLA4-Ig or the 
combination of anti B7-1 and anti-B7-2 resulted in markedly decreased proliferation to donor 
but had no effect against third party. Therefore, complete blockade of B7 family mediated 
costimulation but with intact alloantigen recognition and adhesion is necessary to induce 
alloantigen specific anergy. 

EXAMPLE 3; Maximal hvporesnonsiveness induced hv hlncfc q de of B7-1 and 

B7-2 costimulation is achieved w ithin 36 hours 

This example analyses the time of inhibition of costimulation required to obtain 
maximal hyporesponsiveness for different agents blocking costimulation. 

In this example, the same assay as that used in Example 2 was used. Cells were 
cultured in a primary MLR with the addition of anti-B7-l. anti-B7-2. a combination of anti- 
B7-1 and anti-B7-2, or CTLA4Ig. After various times, viable cells were isolated, re- 
challenged with irradiated cells from the original donor with no blocking agent added and 
proliferation assessed daily for 7 days. Peak proliferation obtained on any day in the 
secondary MLR was assessed by [ 3 H]-thymidine incorporation. 

The results are presented in Figure 5. The results indicate that addition of anti-B7-l 
mAb in the primary MLR resulted in only modest inhibition ot proliferation on rechallenge 
whereas the addition of anti-B7-2 mAb was significantly more efficient. The maximal effect 
of anti-B7-2 mAb occurred by 36 hour in primary culture whereas with anti-B7-l mAb this 
was not observed until day 6. Maximal hyporesponsiveness required blockade of both B7-1 
and B7-2 by the addition of either anti-B7-l and anti-B7-2 mAbs or CTLA4-lg and was 
achieved within 36 hours. Addition of isotype matched control mAb or control-lg fusion 
protein had no effect. 

Thus, maximal hyporesponsiveness was obtained by incubating the cells for 36 hours 
with anti-B7- 1 and anti-B7-2 antibodies. 

- EXAMPI,F,4; Reduction In The Frequency Of Alloreactive Pre cursor Helper T 

Cells With f?TI,A4I g 

This experiment assays whether CTLA41g or anti-B7-l and/or anti-B7-2 antibodies 
used to induce anergy in donor T cells to the alloantigens on recipient stimulator cells would 
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lead t „ the development of a subsequent hypo responsiveness to the stimulator cells without 

In contrast, in HLA identical sioimg d v (Theobald, M., et al. 

(1992) N. Engl. J- Med 321, 1613, Sch , .„ ^ matched 

unirradiated responder cells from fully HLA ma ^ ^ 

, ^ and antt-B7 ^ CT ^ 4 '^ ' ^ culture wa s conttnued for a toner 
irradiated (250y) and CTLL-2 cells were adoe incorDOra ,ion for the last 16 hours 

5 24 hour, Pro.ifera.ion was assessed by tn„a ed of wells negattve for IL- 

or the assay. pHTL frequencies ^«*«^ % ^ m 161 4, 

2 production by Umiting ^ * ^s p ol °V others, prior to any 

The results are presented tn Ftgu e 6^ A P ^ y2} ^^ totK 

manipulation the pHTL frequency in fully HLA matcn p frequency. Complete 
20 ,0-7 Culture with media during primary sumu a„ on ,d no £ * ^ 
Ho-deofB 7 fan,,ymed,a,.eos™— 

anti-B?- 1 and anti-B7-2 or CTL A4-lg during pn . t Qr 

pHTL frequency against donor on rech,,^ * ~ ^ f ^, es 

control lg had no effect whereas ant-B7-2 had very ^ ^ 
25 achieved with complete B7 blockade were constantly <1 

associated with development of GVHD. ^ ^ MLRs &om 

Since the presence of ant-B7-l and ant. b/ ^ on 

My HLA matched sib.ings resuits in 1 MLR from fully 
rechallenge, the effect of these agents on pHTL «y 

30 HLA mismatched individuals. Approximately 40 ~< > were , ested a* 
combinations of donor bone marrow and ™^.*^£ 4J hours in me presence of 

foUows. Donor marrow and stimulator cells were tncuba «d to ^ ^ 
either CTLAAlg. isotyoe matched control lg protetn. ant. 1CAM 

35 .—of-nedon.^ 

lg cyclosporin A, or CTLA41g tor ettner ,„„ tvo . s were present after treatment 

. in the untreated, fresh.y ^^7^^^^ ^ 
marrow/stimulator cell mixture with CTL A41g. the rreq 
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BFU-E 

BFU-E/1 00.000 bone marrow cells 



TABLE 1 




CFU-GM 

CFU-GM/1 00,000 bone marrow cells 



Direct assay 



Patient 



1 
2 
3 
4 
5 
6 



Pre 
, treatment 



LTCIC 



122 
167 
84 
108 
74 
36 



Mean 



Media 



ND 
174 
68.7 
1 54 
86.7 
36.7 



SD 



ND 
5.3 
7.4 
21.3 
26.9 
10.4 



Mean 



Control |g 



121.3 
147.3 

96 
130.7 
63.3 
34.7 



SD 



6.4 
38.7 
1 

39 
12 
11.1 



Mean 



CTLA4lp 



SD 



139.3 
16.7 
98.7 
120.7 
45.3 
39.3 



20.3 
22.2 

18 
17.6 
8.8 

4 



Patient 

# 



assay 



1 

2 
3 



Pre 
treatment 



Media 



12 
58 
1 14 



Mean 
1 1.2 
1 10.7 
156 



SD 
4.8 
6 

22.7 



Mean 



Control lp 



SD 



_CTLA4lo 



1 14.3 
66 
128 



Mean 



2 
1 1 
9.3 



SD 



14.2 
81.3 
130.7 



1 

8.3 
10.2 
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10 



15 



development of GVHD alter Done man fluencies were calculated using a 

frequency of the popuWon of T ^^.^^J^ "ere incubated wilh 
limiti n g dilution assay (LDA) in ^ ° f ^ ^ culnire s were 

stimulator or third party cells in micromer dependent CTLL cell line, 

ften tested for their ability to support the PJ°<«^ £ by L treated donor marrow 
This assay is very sensitive and m«sures the P'~ of L J ^ Une is depend ent 
cells in response to various stimulators. The prohferatton of the C 

onIL-2. . . r marr ow after anergization for 

Figu re 7 shows the pHTL ^^"^ in Ais flgure represent the 
48 hours in the presence of 10 ug /ml of CTLA41g. h ^ P ^ 
daa obtained from a different donor marrow MHC m.sma* h _ 8 imately 10 -> 

pair. Unseated cells incubated in media alone show pHTL 
when tested against the original st.mula.or cell pa f r . „ contrast, donor 

frequency expected for a mismatched ^'^ZZ^on in the pHTL 
.narrow anergized by treatment™* CTLA4 g ows 1W The 

^uency when tested agatns. the ongtnal umulau £ „ f the reduclion in 

Auction in pHTL frequency is approximate. ^ P roeasurin8 m e pHTL 
pHTL frequency 

frequency agains. third party PEL ^whic ^ ^ pany cells , s 

„,e original stimulator cells. The frequency o. p rf ^ donor 

approximately 10*. The pHTL frequency d= enmned fo the P Th , s 
nlow aga.nst third party cells is comparable ,„ aUogenelc sumu ,a,ors 

5 demonstrates that the anergization of *e ^""^/^sponsiveness to the 

|„ the presence of CTLA4.g results .n the £ ^ alloamigens . Th e 

tolerizing stimulator cells bu, has no effect on the ^ of 
specificity of this induction of ^^"^^ofl™™^ antibody to the 
costimulation whh CTLA4lg was shown by «s ung . ^ ^ ^ ^ ^ 

!0 cel. adhesion molecule 1CAM I -r .he . pH T L fteq M 

stimulator cells cultures m the presence "8 stimu l a tor cells or to third party cells. 

35 * AsshowninrigureS.theadd,^^ 
orcyclysporineA.omeoono—^ 

period had no effect on the pHTL frequency demonstraung thal 

The pHTL frequency <10 >> was Compaq ^ ^ ^ ^ CTLA41 g was no, 
the dramatic reduction seen in pHTL frequency in 
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donor alloantigen on ^^T^ ZT ^ ^ 
above Th.™,T. ge was examined. This experiment was performed as indicated 

above. The results are presented in Figure 9. The addition of either an,i-B7-l or ami B7 2 
mAbs alone had only modes, effect on pHTL frequency. However their Lri T 
highly effective and consistently greater .an biolde with c££ 

ev~r, "V on of phtl frequency fM *»> — - * ^» 

no e ffect on pHTL frequency was observed. When both CsA and CTLA4-Ig were added to 
the pnmary culture no decree \ n nun a. 8 aaaed to 

observedwim CtT aT , , 1 qUenCy ™ ^ in distinct «»«>• >°< *e result 

observed w,th CTLA4-Ig alone. These observations are consistent with the hypothesis that 

ft« ,s a requirement for both a TCR medial signal and blockade of B7 farnT m" a«d 
cosnmulauon to induce alloantigen specific anergy 

ofantii^a^^^^ 

ant, B7 1 and anti-B7-2 ant.bod.es or wi* CTLA4Ig was shown to have no effect on the 

to*, number of cells recovered after the incubation p-otoco, a., to induce a dn^,, 

B7-2 an.ibod.es or WItn fjTLA41g wil, no, have any effect on the donor cells excep T 
anerg,ze those cells to the stimulator alloantigens. The level of reduc.ion in nH"n f 

reduction in pHTL sufficient to reduce or eliminate GVHn p^u- 

anti-B7- 1 and ami R7 o * u a- enminate ov HD. Furthermore, the combination of 

am B7 and anti-B7-2 antibodies was consistently more efficient than CTLA4 in blockine 

:r tt ~* a secondary mlr with hla — hed ~ 

recipient cells and in decreasing pHTL frequencies. 



EXAMPi y g. 



CTM4lr Hw No Ffffrt On oil f ,.n«. af . p^ fll niT r ^ ^ ,„ P| ,, x 

This experiment was conducted to determine the effect of treatment with CTLA4Ig on 
cell lineage precursor or stem cells present in the donor marrow population Colony folLT 

:z co,o t initiating cen (ltcic) ^ — 

befo e treamiem, after incubation ,n media alone or in the presence of control Ig protein (10 u 
g/rnl) or CTLA4Ig (10 ng/ml). Briefly, the marrow sample was washed extens " ' " 
V1 able cel. number determined, and the cells plated at 100.000 cells/ml in memylcellutse 
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medium which contained grow* factors appropriate for human cells. These assays were set 
^ptt for each patienfs marrow sample. After ,0 days of — th ; num£ of 
eLhrocytic (BFU-E) and myelocytic (CFU-GM) colon.es were counted. The LTCIC 
S2y trmlg assays were performed using a limiting dilution a^lysis. The donor bone 
* Z . was washed and dilutions ftom 40,000 to 625 ce..s were added to mtcroti er 
previously seeded with 3000 irradiated stroma, ceils. After 5 weeks ,n culture, thecals 
Te^entiy tryinized to re.ease ceHs and then ^^^T'^^ 
faaors was added to each well. The appearance aitd number of BTU-E and CFU-GM 
IXnies was measured after an addttiona. .0 days of incubation. These resuhs are shown ,n 

Table I for six of the patient samples. 

The direct colony forming assay shows that there are stm.lar numbers of BFU-E and 
CFU-GM precursors in all six patient samo.es tested regardless of whether the assays were 
perfo ™d on donor marrow before treatment or after cu.tur.ng donor marrow 
Emulators for 48 hours in the presence of medium alone or in med.um conu-mng^nuo, ., 
i o CTLA4Ig Similar result, are seen in the three patien, samples tested by titeLTOC 

l^logy. This method is a more sensitive measurement of damage ,0 stem ce, s than , 
£Z* co l ny forming assay. All three patient samples tested have snrnlar numbers of 
BFuTld CFU-GM colony forming units after treatment as did the fresh donor marrow 

0 '"""""The experimental data presented in Table I shows that the cu.turing protocol 

sensitizing alloantigens while i, retained a Ml abihty to respond ,0 ,h ™ 
,oss of responsiveness of tine donor bone marrow to ^^X™Zo< 

30 marrow responsweness to the sensmzers sugg ^ 
marrow into the appropriate reciptent w.ll be safe for the transplant p 
■ in a reduction or elimination of acute GVHD in the transplant rec.p.ent. 
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EOT JTV AT .F.NTS 

Those skilled in the art will recognize, or be able to ascertain using no more than 
routine experimentation, many equivalents to the specific embodiments of the invention 
described herein. Such equivalents are intended to be encompassed by the following claims. 
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! A method for inhibiting a response by a T cell to an antigen, comprising 
contacting the T cell with and agent which inhibits a costimulatory signal m the T cell, 
5 thereby inhibiting the response by the T cell to the anttgen. 

2 The method of claim 1, wherein the agent inhibits an interaction between a 
receptor on the T cell -d a costimulatory molecule on a cell presenting anUgen to the T cell. 

The method of claim 2, wherein the receptor on the T cell is CD28. 

The method of claim 2, wherein the receptor on the T cell is CTLA4. 

The method of claim 2, wherein the costimulatory molecule is B7-1 or B7-2. 

The method of claim 2, wherein the agent is a soluble form of CTLA4. 

7 . The method of claim 6, wherein the soluble form of CTLA4 is a human 
CTLA4-immunoglobulin fusion protein. 
10 g. Then.eU.odofda.mZ.wher.intheagen.isa.an.i.BT-.an.ibody.or 

fragment thereof. 

,. The method of claim 7. wherein the agent is an an,i-B7-2 anttbody. or 
25 fragment thereof. 

10 . The method of claim 2, wherein the agent is an an,i-B7-. antibody and an 
anti-B7-2 antibody, or fragments thereof. 

,,. The me*od of ciaim,. wherein the agent acts intraceiiuiariy to inhibit 
generation of a costimulatory signal in the T cell. 

recipient, comprising contacting a firs, population of cells compnstng donor 
" ^ a) a second population of cells which express recipient alloanugens: and 
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b) an agent which inhibits a costimulatory signal in the donor T cells 
the agent thereby inhibiting a response by the donor T cells to the cells which express 
recpient alloantigens such that, upon administration of the first population of cells to the 
bone marrow transplant recipient, graft versus host disease in the recipient is inhibited. 

13. The method of claim 12, wherein the first population of cells is selected from 
a group consisting of bone marrow cells, peripheral blood cells and splenocytes. 

14. The method of claim 12, wherein the agent is a soluble form of CTLA4. 

nr, x . 15 ' 7116 meth ° d ° f daim 14 ' WhCrein SOluble form of CTLA4 is a human 
CTLA4-immunoglobulin fusion protein. 

16. The method of claim 12, wherein the agent is an anti-B7-l antibody or 
fragment thereof. 

1 7. The method of claim 12, wherein the agent is an anti-B7-2 antibody or 
fragment thereof. 

18. The method of claim 12, wherein the agent is an anti-B7-l antibody and an 
anti-B7-2 antibody, or fragments thereof. 

19. The method of claim 12, further comprising administering the first population 
of cells to the recipient. 

20. The method of claim 1 9, further comprising administering the agent to the 
recipient. 
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FIG. I 




Thymidine Incorporation (cpm x 10 



SUBSTITUTE SHEET (RULE 26) 



96/14865 



2/10 



PCT/US95/14774 



FIG. 2 
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FIG. 3B 
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FIG. 4 




SUBSTITUTE SHEET (RULE 26) 



PCT/US95/14774 

WO 96/14865 

6/10 
FIG. 5 




[3H] Thymidine incorporation 

(cpm x 10-*) 



SUBSTITUTE SHEET (RULE 26) 



PCTAJS95/14774 



WO 96/14865 

7 i 
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